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Pesticides, such as endosulfan, can enter surface waters such as lakes and rivers,
potentially posing an ecological risk. Rotifers are a dominant zooplankton species
in many inland freshwater lakes in Australia; such lakes can also experience
increased salinities. Acute toxicity tests (24 h) were conducted to determine the
toxicity of a commercial formaulation of endosulfan to the freshwater rotifer
Philodina sp. and to investigate the influence of increasing salinity on endosulfan
toxicity. Rotifers were found to be relatively tolerant to endosulfan with an EC50
of 1.75mgL1 (a.i.), with results also suggesting that there are no interactive
effects of salinity on endosulfan toxicity.
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Introduction
Reviews of contaminant transport mechanisms (Wightwick and Allinson 2007) have
highlighted that pesticides, such as endosulfan, may pose an ecological risk to lakes,
wetlands, and streams via localized atmospheric transport (spray drift), soil surface run-
off, and transport via sub-surface drainage systems. Endosulfan is of particular concern as
this persistent organochlorine insecticide has been detected in Australian waterways at
concentrations as high as 2.5 mgL1 (Wightwick and Allinson 2007). Endosulfan is
particularly toxic to invertebrates where it acts by blocking the action of the neurotrans-
mitter gamma-aminobutyric acid (GABA) in the target insect’s nerve axon (Tomlin 2000).
Although considerable literature exists on the toxicity of endosulfan to fish and aquatic
invertebrates, most of these studies relate to northern hemisphere species. A limited
number of studies have been undertaken in Australia, suggesting that endosulfan is highly
toxic to a range of Australasian aquatic organisms. For instance, Warne, Westbury, and
Sunderam (1998) reported 48-h EC50 for shrimp (Caridinides sp.; 27.8 mgL1), and
waterfleas (Ceriodaphnia dubia; 151491 mgL1), and a 96 h EC50 for the shrimp Paratya
australiensis (6.111.7 mgL1). Subsequently, a high reliability freshwater guideline trigger
value for endosulfan in Australia was calculated (0.2 mgL1 at the 95% species protection
level; ANZECC and ARMCANZ 2000). Whilst the use of endosulfan is being phased out
in Australia, it is still recognized as a potential high-risk pesticide by regulators.
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For example, in Victoria (Australia), endosulfan is listed as a specified agricultural
chemical under the Agricultural and Veterinary Chemicals (Control of Use) Act 1992, as a
chemical requiring a higher level of management oversight due to its high potential to
impact on the environment and human health (APVMA 2005).
Aquatic invertebrates are widely used in ecotoxological studies, because they are
relatively easy to maintain under test conditions. Their use is not (as yet) restricted by
ethical concerns, and as a group they are generally more sensitive to a range of pollutants
(including many pesticides) than vertebrates or plants (Rand 1995). Many, if not most,
toxicological experiments examining the effects of pesticides on aquatic invertebrates have
used cladocerans to represent zooplankton species in their target aquatic environments.
However, in Australian inland freshwaters, cladocerans are often present at relatively low
abundance in comparison to other micro-invertebrate species, such as rotifers and
copepods (Campbell 1994; Ellis 2006). For example, a recent survey of zooplankton
communities in Lake Hawthorn and the Cardross Lakes in north-western Victoria
(Australia) found that rotifers and copepods were the most abundant species (Ellis 2006).
This suggests that the use of cladoceran data may have limited usefulness in assessing
ecological risks of pesticides in regions such as northern Victoria where freshwater lakes
often experience higher salinities than in other aquatic environments such as streams and
rivers. For example, salinities of the Murray River bordering Victoria (Australia) are
generally around 100 mS cm1 (River Murray Water 2007), whereas nearby inland lakes
have salinities greater than 5000 mS cm1 (Ellis 2006).
Ecotoxological data for rotifers are very limited, and what testing has been undertaken
on rotifers has primarily focused on the Monogononta, using the genus Brachionus
(Brachionus calyciflorus is by far the most commonly used freshwater rotifer in toxicity
tests). The Bdelloidea have been far less used in toxicity testing than Monogononta
rotifers, perhaps because bdelloid rotifers do not produce resting eggs, and because of the
need to maintain actively growing cultures, and identify and transfer same-aged
individuals into test vessels. That said, the Bdelloidea represent an important group of
invertebrates ecologically (146 species have been recorded in Australia and New Zealand,
with 15% being endemic (Ricci 1987)), warranting examination of their use in toxicity
tests.
The vast majority of ecotoxicological data for endosulfan have been generated using
the pure endosulfan compound, without considering the potential toxic effects of other
compounds (e.g. adjuvants) in formulated products (Warne, Westbury, and Sunderam
1998). Moreover, few studies have investigated the influence of increased salinity on the
toxicity of commercial formulations of pesticides, even though several studies have shown
that salinity can modify the toxicity of chemicals in many different groups of organisms
(Hall and Anderson 1995; Staton et al. 2002; Sarma et al. 2006). Consequently, this project
focused on the influence of one of the most important water quality parameters in
Australian inland waters, namely salinity, on the acute toxicity of a commercial
formulation of endosulfan to the freshwater rotifer Philodina acuticornis odiosa.
Materials and methods
Culturing and maintenance of P. acuticornis odiosa rotifers and their food (Chlorella sp.)
were conducted according to the method of Hagen et al. (2009). Tests were conducted
using juvenile rotifers, also according to the method of Hagen et al. (2009), which
incorporates the ASTM standard guidelines for acute toxicity tests on test materials with
Toxicological & Environmental Chemistry 723
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fishes, macroinvertebrates, and amphibians based on the latest methods available for
rotifers (ASTM 2004). The life span of a typical Philodina rotifer is about 20 days.
A juvenile, or non-egg-laying, rotifer is less than about 5 days old. There is a clear
distinction in size between adults and juvenile rotifers, albeit only for a limited period of
time. Thus, rotifers that appeared much smaller in size in comparison to full-fledged adults
were collected and used directly in the testing program. Although this protocol complies
with the ASTM’s suggestion that test organisms should be as young as possible (ASTM
1996), it does not guarantee that the organisms are neonates less than 24-h old. Hence, the
generic term juvenile is used.
Stock standard solutions of endosulfan were prepared by dissolving the required
amount of chemical (a 35%w/w formulation of endosulfan (Endosulfan 350 EC, Nufarm
Pvt. Ltd.)) in 1mL of acetone (AR grade, Mallinckrodt Chemicals). The highest
concentration of acetone present in a test solution was 0.00001%v/v, and a solvent vehicle
control incorporating this amount of acetone was included in test regimes. Test solutions
of the required salinity were prepared by dissolving Ocean Nature Salt (Aquasonic,
Ingelburn, NSW, Australia) in deionized water, such that Naþ (32%) and Cl (53%)
were the dominant major ions in the test solutions, as found in many inland lakes in
Australia (Radke, Howard, and Gell 2002).
All tests were carried out according to the procedures detailed in Hagen et al. (2010).
The endosulfan toxicity testing was undertaken using five nominal concentrations, 1, 2, 4,
8, and 16mgL1 endosulfan formulations (equivalent to 0.35, 0.7, 1.4, 2.8, and 5.6mgL1
endosulfan active ingredient (a.i.) based on formulation labeling). Testing included a
negative control (dilution water only, no added endosulfan), a positive control (142mgL1
phenol), and a solvent vehicle control. Each treatment was replicated eight times. The
influence of salinity on endosulfan toxicity was assessed by exposing rotifers to the same
five concentrations of endosulfan at three additional salinities (2500, 4000, and
5000 mS cm1). Each treatment was again replicated eight times. Tests were accepted if
there was at least 90% survival in the controls.
Statistical analysis
Data from the toxicity testing were initially analyzed using the statistical package ToxCalc
(Version 5.0.026, Tidepool Scientific Software, Mckinleyville, CA, USA), and for each
test, the nominal concentration of toxicant (a.i.) causing mortality in 50% of the test
population (EC50) and 95% confidence intervals was generated. Additional statistical
analysis was conducted using IBM SPSS version 17.0. In this case, probit analysis was used
to determine the effective lethal concentration of a commercial endosulfan formulation, in
each of the four separate salinity treatments (260, 2500, 4000, and 5000 mS cm1) in which
50% of the observations exhibited a response using the method of Finney (1952). The
assumption of equal slopes across each separate factor level could not be met, and
therefore separate probit analysis for each treatment was conducted. The natural response,
or the probability that mortalities will occur over a 24 h period in each of the four salinities
if endosulfan is not present, was also estimated. For salinities of 2500, 4000, and
5000 mS cm1, the Pearson chi square goodness-of-fit test indicated that the estimated
model was an adequate representation of the data. However, for the 260 mS cm1
treatment, this assumption could not be met, and therefore a heterogeneity factor was used
to estimate the fiducial confidence interval. Finally, to estimate if significant differences
might be evident in the EC50 between each of the different salinity treatments, the 95%
fiducial confidence intervals were examined.
724 G. Allinson et al.
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Results and discussion
The test solutions were within 2% of pH 7.5, 2% of 21C, 5% of 271 mS cm1, and 10% of
61mgL1 CaCO3. Mortality in the negative controls was less than 2%, and therefore the
tests were considered acceptable (ASTM 2004), and within 10% of expected values in the
positive controls, therefore, the tests were considered acceptable (ASTM 2004).
In this study, the P. acuticornis odiosa 24 h EC50 in freshwater (260 mS cm1) was
1.75mgL1 (95% confidence interval (CI) 1.64–1.89mgL1; Table 1). This is some three
orders of magnitude higher than the Australian water quality guideline trigger values (e.g.
1.8 mgL1 at the 80% species protection level; ANZECC and ARMCANZ 2000). This is
consistent with previous reports in the literature of the relative insensitivity of other
rotifers to endosulfan, e.g. the 24 h LC50 for B. calyciflorus (5.2mgL1) and Brachionus
plicatilis (5.6–7.2mgL1; Serrano, Miracle, and Serra 1986; Fernandez-Casalderrey,
Ferrando, and Andreu-Moliner 1992). The magnitude of our observed EC50 is also
consistent with previous reports in the literature of the relative insensitivity of rotifers
compared to other aquatic macroinvertebrates, e.g. the 24 h LC50 of Sagitta sp.
(0.424mgL1), Daphnia magna (0.062–0.18mgL1), and Spicodiaptomus chilospinus
(0.04–0.05mgL1; Schoettger 1970; Kader, Thayumanavan, and Krishnaswamy 1976;
Rajendran and Venugopalan 1988). That our data are of the same order of magnitude as
that reported by Fernandez-Casalderrey, Ferrando, and Andreu-Moliner (1992) and
Serrano, Miracle, and Serra (1986) suggests that the liquid hydrocarbons, the other
component of the formulation of the endosulfan tested, had little effect on toxicity.
The rotifers used in this study were reasonably tolerant to changes in salinity, with
52% mortality in control treatments. This is consistent with Hagen et al. (2010) who
observed no mortality up to 2100 mS cm1, but some mortality at 3760 mS cm1, increasing
thereafter with increasing salinity. Salinity is considered one of the most important abiotic
factors influencing the survival and abundance of zooplankton inhabiting water bodies
(Snell and Janssen 1995; Sarma et al. 2006), and field salinities greater than 2 gL1
(3125 mS cm1) have been correlated with a decrease in the number of rotifer species and
linked to a reduction in their emergence from dormant cysts (Nielsen et al. 2003).
In this study, although there was some suggestion of increased rotifer mortality with
increased endosulfan concentration (over and above that observed in the 260 mS cm1
control) within each of the elevated salinity treatments, overall, there was no significant
difference in calculated EC50 between salinity treatments (Figure 1). Moreover, our results
Table 1. Summary of mortality observed when the freshwater
rotifer P. acuticornis odiosa was exposed to endosulfan at low
salinity (260mS cm1).
Treatment
(mgL1, a.i.)
Mortality (%)
Mean (n¼ 8) Range SE CV (%)
Control 1.8 0–6.7 0.0097 152
0.35 0.6 0–4.8 0.0060 283
0.7 9.7 0–29.4 0.0348 102
1.4 16.7 8.3–31.3 0.0236 40
2.8 99.5 96–100 0.0050 1
5.6 100 – – –
Note: SE, standard error; CV, coefficient of variation.
Toxicological & Environmental Chemistry 725
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are consistent with the observation of Heugens et al.’s (2001) that less than 20% of studies
report a positive impact of salinity on chemical toxicity. This suggests that if there is a
threshold at which endosulfan, or, indeed, other pesticide toxicity to rotifers is enhanced
by salinity, it is at a salinity higher than 5000 mS cm1 (although further research with
endosulfan and additional insecticides is required to confirm or reject this hypothesis). As
with most toxicity tests, temperature was controlled in this study. Heugens et al. (2001)
report that, in general, the toxicity of chemicals rises with increasing temperature, and
temperature may be a critical factor for organisms living close to their thermal tolerance
levels. However, the temperature of Australian inland aquatic ecosystems can be
significantly higher than the 21 2C of this study, and additional work is also required
to assess the additional impact of temperature on endosulfan toxicity.
Conclusions
This study has found that the freshwater bdelloid rotifer P. acuticornis odiosa is relatively
insensitive to endosulfan compared to other invertebrates such as the water flea D. magna.
The EC50 value generated can be combined with existing ecotoxological data related to
endosulfan to assist in future ecological risk assessments. Salinity did not significantly
influence endosulfan toxicity in this study, suggesting that the interaction of salinity on
endosulfan toxicity is not a major consideration when assessing risks to freshwater rotifers,
an observation which may also hold true for other aquatic invertebrates and/or
insecticides. Additional research with an increased range of salinities, temperatures, and
insecticides is required.
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